We illustrate the application of the recently developed SCETBSM framework in the context of a specific model, in which the Standard Model (SM) is supplemented by a heavy scalar S and three generations of heavy, vector-like quarks Ψ. We construct the appropriate effective field theory for two-body decays of S into SM particles. We explicitly compute the Wilson coefficients of the SCETBSM operators appearing at leading and next-to-leading order (NLO) in an expansion in powers of v/MS, as well as for a subset of operators arising at NNLO, retaining the full dependence on the ratio MS/MΨ. For the phenomenologically most relevant decay channels of the heavy scalar, we study the impact of resummation effects of Sudakov logarithms on the decay rates.
I. INTRODUCTION
Following the discovery of a new particle with a mass far above the electroweak scale v ≈ 246 GeV, a program for studying its couplings to the Standard Model (SM) would be of highest priority. In the likely situation where the new resonance is the first member of a richer sector of new physics, the appropriate way to study its decay and production processes must rely on an effective field theory (EFT) framework. The main reason is that other, yet undiscovered heavy particles can couple to both the SM and the new resonance S and hence affect its interactions. Secondly, the large scale hierarchy between the mass of the heavy resonance and the weak scale, which (roughly) sets the masses of the SM particles, introduces large Sudakov double logarithms in the calculation of decay rates and production cross sections, which must be resummed to all orders of perturbation theory. Finally, for the most interesting case where the mass of the new resonance is close to the masses M i of yet undiscovered states, there is short-distance physics associated with both scales, which must be disentangled from the longer-distance physics associated with the electroweak scale.
We have shown in [1] that the appropriate EFT to deal with this scenario must be based on an effective Lagrangian built out of non-local light-ray operators defined in soft-collinear effective theory (SCET) [2] [3] [4] [5] . Our theory called SCET BSM provides a systematic expansion of the decay amplitudes of the new heavy particle in powers of λ = v/M S 1. For the case of a scalar resonance S transforming as a singlet under the SM gauge group, we have constructed the complete operator basis at leading and subleading order in the expansion, corresponding to operators of O(λ 2 ) and O(λ 3 ), respectively.
The leading-order effective Lagrangian for two-body decays of S consists of operators in which S is coupled to two effective bosonic fields, which describe so-called collinear particles moving along directions n 1 and n 2 , which point back-to-back in the rest frame of the decaying resonance. One has [1]
(1) Here M denotes the characteristic mass scale of unresolved new heavy particles. The sum extends over the three gauge groups of the SM: A = B for U (1) Y , A = W for SU (2) L , and A = G for SU (3) c . The relevant SCET BSM operators have the form (a summation over the group index a is understood for non-abelian fields) 
(2)
Here S v is an effective field for the heavy resonance defined as in heavy-quark effective theory [6] [7] [8] [9] , with v denoting its 4-velocity. The reference vectors n 1 and n 2 indicate the directions of large momentum flow of the final-state particles. The effective fields consist of socalled "gauge covariant building blocks" [10, 11] Φ and A containing the Higgs doublet and the transversely polarized gauge fields, respectively, dressed up with Wilson lines in the appropriate representation of the gauge group. The Lorentz indices of the gauge fields can be contracted with either the symmetric tensor g ⊥ µν or the antisymmetric tensor ⊥ µν defined in the plane orthogonal to n 1 and n 2 . Note that the different fields in the operators in (2) interact only via soft quanta, since there is only a single collinear field in each sector; hard interactions with virtualities of order M Note the important fact that the Wilson coefficients in (1) depend on both, the mass M S of the scalar resonance and the parameter M representing the typical mass scale of other, yet undiscovered heavy particles. As we shall see below, in this way our effective theory sums infinite towers of local operators in the conventional EFT approach.
In some sense, the Wilson coefficients in our Lagrangian can be regarded as form factors depending on the large momentum transfers q 2 = O(M 2 S ) flowing through Feynman diagrams, which can resolve the small non-localities corresponding to exchanges of the heavy VLQs.
At subleading order in power counting the operator basis contains five different types of operators, all of which consist of fermion bilinears along with a Higgs doublet or a gauge field, see Section III. In Section V we study some aspects of the extension of the effective Lagrangian to O(λ 4 ), which is necessary to describe the two-body decay S → Zh.
In this work, we illustrate the SCET BSM approach by considering a concrete extension of the SM featuring a heavy, gauge-singlet scalar field S along with three generations of heavy, vector-like quarks. Vector-like fermions play an important role in models of partial compositeness [12] , as realized e.g. in composite-Higgs models (see e.g. [13] [14] [15] ) and scenarios featuring a warped extra dimension [16] [17] [18] . Extensions of the SM featuring both vectorlike fermions and a singlet scalar are among the popular simplified models for dark matter (see e.g. [19, 20] ).
II. HIGH-ENERGY EXTENSION OF THE SM
The benchmark model we explore in this paper is an extension of the SM by a real scalar S, transforming as a singlet under the SM gauge group, and (three generations of) a vector-like quark (VLQ) doublet Ψ, transforming as (3, 2) 1/6 . Besides the Higgs portal, the VLQs mediate the renormalizable interactions between the SM and the new sector. We assume that the mass of the scalar and the masses of the VLQs are both much heavier than the electroweak scale v ≈ 246 GeV. The most general Lagrangian of our model is
The second line contains the couplings of the VLQs to SM fields, whereφ a = ab φ * b . There is no need to include the gauge-invariant termsΨiγ 5M Ψ − (Ψ G Q Q L + h.c.), since they can be removed by unitary transformations of the quark fields. The terms in the third line contain the portal couplings of the heavy scalar to the Higgs field. Note that the couplings κ 1 and λ 3 have mass dimension 1. The interactions in the last line describe the couplings of S to the VLQs and SM quarks. We assume that the parameters λ i in the scalar potential are chosen such that the scalar field S does not acquire a vacuum expectation value. For the same reason, we have omitted the tadpole term λ 1 S from the potential.
Boldface symbols in (3) denote matrices in generation space. The matrices G u,d and V Q are arbitrary complex matrices, while M , X andX are hermitian. Without loss of generality we work in the mass basis for the VLQs, where M is a real, positive diagonal matrix. For simplicity, we assume that the three mass eigenvalues are degenerate, i.e. M = M 1. The common mass of the VLQs is then identified with the "new physics scale" M in (1).
Suppose that the heavy scalar S has been discovered, while the VLQs have not yet been observed experimentally. Our goal is to construct an EFT describing the interactions of S with SM particles. The appropriate EFT in such a scenario is the SCET BSM [1]. It would be straightforward to extend our analysis to the case of vector-like fermions with different quantum numbers. However, in order to keep the presentation as transparent as possible, we find it advantageous to consider the simplest case of a single type of VLQ.
III. TREE-LEVEL MATCHING ONTO SCETBSM
When the full theory in (3) is matched onto the SCET BSM two types of short-distance modes are integrated out: First, one removes virtual exchanges of the VLQs, which do not appear as external states in the EFT (since these particles are assumed to be yet undiscovered). In addition, one integrates out off-shell fluctuations of the SM fields as well as of the scalar field S carrying virtualities of order q 2 ∼ M 2 S . While the first step is standard, the second step differentiates the SCET BSM approach from local EFTs such as the SMEFT [21] [22] [23] [24] [25] .
A. Integrating out the vector-like quarks
At tree level, the heavy VLQs can be integrated out by solving their classical equations of motion. This yields the "non-local effective Lagrangian"
where
Note that the heavy scalar field S is still a propagating field at this stage, and indeed the last term in (4) contains couplings of SM fields to an arbitrary number of S fields. The terms of zeroth order in S read
Expanding the denominator in powers of covariant derivatives would generate an infinite set of higher-dimensional, gauge-invariant operators, which account for the virtual effects of heavy VLQs on the interactions among SM particles in the context of the SMEFT. For our purposes the most relevant terms in (7) are those linear in S. They are
In order to match this expression onto the SCET BSM effective Lagrangian describing two-body decays of the heavy scalar S, we replace the SM fields by fields in the EFT. The relevant fields are the soft field S v for the heavy resonance and collinear fields describing particle jets moving along light-like directions n µ 1 = (1, n 1 ) and n µ 2 = (1, n 2 ). The precise definitions of these fields, which include collinear Wilson lines, can be found in [1] . For the special case of the Higgs doublet, the lowenergy theory also contains a soft field Φ 0 carrying no 4-momentum. After electroweak symmetry breaking this field is set to the Higgs vacuum expectation value. The relevant replacement rules are extremely simple:
Here 
The dots in (8) stand for soft fields, which are power-suppressed relative to the collinear fields and will play no role for our discussion.
It is now straightforward to extract from (7) the terms of leading order in the λ expansion. Obviously, the first term on the right-hand side generates the tree-level contribution
to the Wilson coefficient of the scalar operator O φφ in the SCET BSM Lagrangian (1). After the introduction of
Tree-level diagrams giving rise to the effective Lagrangians (11) [left] and (12) [right]. Thick lines denote S and the VLQs, whereas the thin lines represent SM particles.
SCET fields the quantity
Hence the leading terms in the Lagrangian originating from VLQ exchange are of O(λ 3 ) and arise from the term in brackets in the first line of (7). Since gauge fields in SCET BSM are always power suppressed, we can expand the inverse derivative operator sandwiched between spinor fields of opposite chirality in the form
The Laplace operator in the denominators of these expressions must only be kept if the product of fields on which this operator acts has virtuality of order M 2 S . We thus obtain
where for q = u the doublet Φ must be replaced byΦ. The first graph in Figure 1 shows a diagram in the complete theory giving rise to these matching contributions.
B. Integrating out off-shell fluctuations
If the portal coupling κ 1 in (3) is non-zero, then the second diagram shown in Figure 1 produces another tree-level matching contribution, in which the propagator for the Higgs doublet carries a virtuality of order
The corresponding contribution to the effective Lagrangian can be written in the form
where the inverse Laplace operator arises from the Higgs propagator. The sum of (11) and (12) gives the complete tree-level effective Lagrangian at O(λ 3 ).
C. Wilson coefficients
The complete basis of SCET BSM operators at O(λ 3 ) has been constructed in [1] . The effective Lagrangian at this order can be written in the form (summed over i, j)
where the sum in the last lines runs over the three gauge fields A = B, W, G. For simplicity we consider operators containing quark fields only. We have defined the mixedchirality operators
and the same-chirality operators
where i, j are generation indices. When an operator contains more than two collinear fields describing particles moving in the same direction, the total collinear momentum carried by this jet is split up among the fields. Our convention is that in each operator the bosonic field carries the longitudinal momentum fraction u ∈ [0, 1], while the fermionic field carries momentum fraction (1 − u). From (11) and (12), we obtain for the tree-level matching conditions in matrix notation (with q = u, d)
where we have defined ξ = M 2 S /M 2 . The i prescriptions are those from the Feynman propagators. Note that κ 1 is naturally of order M . The parameter ξ governs the ratio of the mass of the heavy scalar resonance, which we assume has been discovered, and the mass of the VLQs, which we assume have not yet been discovered. This ratio is in principle arbitrary, but in many realistic models is expected to be of O(1). The fact that SCET BSM correctly captures the dependence on both mass parameters is a unique feature of this EFT [1]. Analogous operators containing lepton fields also exist, and indeed they can be generated at tree level in our model via the Higgs portal interaction proportional to κ 1 . However, the corresponding Wilson coefficients are strongly suppressed by the leptonic Yukawa couplings.
The coefficients in (16) are given in the weak basis. After electroweak symmetry breaking, these coefficients should be transformed to the mass basis of the SM quarks. This transformation diagonalizes the Yukawa matrices Y q , while V †
where U q L and W q R with q = u, d denote the rotation matrices transforming the left-handed and right-handed quark fields from the weak to the mass basis.
IV. ONE-LOOP MATCHING
With the exception of O φφ , the bosonic operators in the SCET BSM Lagrangian receive matching corrections starting at one-loop order. We now discuss the calculation of these corrections for the Wilson coefficients of the leading operators of O(λ 2 ) in (1). The relevant Feynman diagrams are shown in Figure 2 . The first graph contains a loop of VLQs, while the remaining diagrams feature loops with off-shell Higgs doublets. To perform the matching in the simplest possible way, we calculate these diagrams setting all SM masses to zero. Then loop graphs in the EFT are scaleless and vanish, and hence the Wilson coefficients are given directly in terms of the diagrams shown in the figure. We find (with A = B, W, G)
where ξ = M 2 S /M 2 as above, and the group-theory factors d A are given by The relevant loop function reads
The ξ-dependent contributions arise from integrating out the VLQs, while the term proportional to the Higgsportal coupling κ 1 is obtained by integrating out loops of virtual Higgs doublets carrying virtualities of order M 2 S , in analogy with the discussion in the previous section.
It is instructive to study the ξ-dependent terms in (17) in more detail. Focussing on the case of C AA for concreteness, and assuming that M 
The first term in the sum gives a contribution to (1) which corresponds to the local dimension-5 operator SF µν F µν , the second term corresponds to lo-
or ( S)F µν F µν , the third term corresponds to local dimension-9 operators, and so on. Our SCET BSM approach thus sums up an infinite tower of local operators. In an extension of the SMEFT consisting of local operators built out of SM field and the field S (see e.g. [26, 27] ), one would typically only include the leading dimension-5 operators. In realistic scenarios where M S ∼ M , however, all contributions are of the same order.
The one-loop matching calculation for the coefficient C φφ in (1) is more involved. We write the result in the form
φφ .
The quantity δ κ1 contains the loop corrections to the treelevel result in (9), while C
φφ contains contributions to the Wilson coefficient involving couplings other than κ 1 .
The relevant diagrams for the latter terms are shown in Figure 3 . We obtain
(22) The calculation of δ κ1 is discussed in Appendix A. Unlike the results shown in (17), these expressions contain an explicit dependence on the renormalization scale µ, at which the operators and Wilson coefficients are defined (in the MS scheme). The matching results presented here refer to a scale µ ∼ M , at which they do not contain any large logarithms; the evolution to lower scales will be discussed later in Section VI. The scale dependence of the coefficient C
(1) φφ must be compensated by the scale dependence of the portal coupling κ 1 in (21).
V. ONE-LOOP MATCHING FOR S → Zh
There is one potential two-body decay of a heavy scalar resonance S that cannot be described using the operators arising at leading and subleading order in SCET power counting. This is the mode S → Zh, where the Z boson is longitudinally polarized. Only the CP-odd component of the scalar can decay to this final state, which makes this channel interesting to study the CP properties of a new scalar resonance [28, 29] . The following discussion is significantly more technical than that in the previous two sections and can be skipped in a first reading.
The relevant O(λ 4 ) operators in the SCET BSM Lagrangian mediating S → Zh decay can be written in the form [1]
where the dots stand for fermionic operators, which contribute to the decay amplitude at one-loop order. The operator written out explicitly gives the tree-level contribution
Since in the VLQ model we consider the Wilson coefficient C φφφφ is generated starting at one-loop order, it will be necessary to include other loop-suppressed effects for consistency (see below).
Representative one-loop diagrams contributing to the matching coefficient C φφφφ are shown in Figure 4 . Evaluating the relevant graphs in the MS scheme, we obtain after a lengthy calculation
Here T 2 ) − iπ contain the dependence on the factorization scale µ, and we have defined the functions f i (ξ) collected in Appendix B. For ξ > 1, the above expressions must be analytically continued using the prescription ξ → ξ + i . In the limit where ξ 1, corresponding to M (24) in [28] .
An interesting feature of the result (25) is the rather complicated dependence of the terms involving the factorization scale µ, which are contained in the logarithms L M and L S , on the mass ratio ξ = M 2 S /M 2 . In conventional EFT applications the coefficients of the µ-dependent terms in Wilson coefficients and operator matrix elements are functions of the coupling constants of the theory, but they do not depend in a non-trivial way on the masses of heavy particles that have been integrated out. The reason is that the µ-dependence must cancel between Wilson coefficients and matrix elements, and the low-energy theory does not know about the masses of the heavy particles.
In the present case, the µ-dependence of the contribution to the S → Zh decay amplitude entering via the Wilson coefficient C φφφφ in (25) is cancelled by the scale dependence of one-loop matrix elements of operators involving fermion pairs, which are induced by tree-level matching at O(λ 4 ). Indeed, since in our model C φφφφ arises at one-loop order, the one-loop matrix elements of other O(λ 4 ) operators, which appear already at tree level, must be included for consistency. The relevant terms can be extracted from (7) . For the purpose of illustration we consider the last operator in this result, which contains the flavor matrices X andX. At O(λ 4 ), it gives rise to the structure
(26) For q = u the doublet Φ must be replaced byΦ. We only need to consider operators where both fermions are described by collinear fields moving along the same direction, since later we need to take matrix elements where the fermion pair is converted into a collinear Higgs or Z boson. Between the collinear spinors only the n 1 · ∂ component of the derivative survives, and hence the derivative gives zero when acting on the fermions. We now define the following set of SCET BSM hermitian operators (here and below we abbreviateū ≡ 1 − u):
Here u denotes the fraction of the total n 1 -collinear momentum carried by the final-state quark. The operators shown in the first line are CP even, while those in the second line are CP odd. Writing the relevant terms in the Lagrangian in the form we obtain the Wilson coefficients (in matrix notation)
The factors 2T q 3 arise because for q = u the operators involve the scalar doubletsΦ rather than Φ.
The CP-odd operators in (27) contribute at one-loop order to the S → Zh decay amplitude via the diagrams shown in Figure 5 . Working in the fermion mass basis, we find in the MS scheme
Multiplying these expressions with the corresponding Wilson coefficients in (29) and integrating the result over u we obtain the contribution to the S → Zh decay amplitude, which must be added to the one in (24) .
Here we are mainly concerned with the cancellation of the µ-dependent terms in the final expression for the decay amplitude. Note that the scale-dependent terms in (30) have simple coefficients involving coupling constants and some factors of v and M S needed for dimensional reasons. The non-trivial dependence on the mass ratio ξ arises when these matrix elements are multiplied by the corresponding Wilson coefficients and integrated over the variable u. To display our results we use the Z-boson mass in the denominator of the corresponding logarithms, and we omit the remaining terms that are scale independent and free of large logarithms. Combining the contributions in (24) and (30), we find
We have transformed the expressions (30) back to the weak basis by replacing y
Inspection of (25) shows that the µ-dependent terms indeed cancel out in this result.
VI. RESUMMATION OF LARGE LOGARITHMS
SCET BSM offers a systematic framework for expanding the decay amplitudes for the heavy resonance S into SM particles in powers of v/M S and resumming large logarithms of this scale ratio. (As before, we assume that the scales M and M S are of similar magnitude.) Since the rates are affected by Sudakov double logarithms, resummation is important even in cases where the logarithms arise from electroweak interactions [30] [31] [32] . These logarithms suppress the decay rates and hence should be taken into account when deriving bounds on the masses and couplings of hypothetical new heavy particles. We now illustrate this point by focussing on a few important two-body decay modes of a heavy scalar resonance S.
For the purposes of illustration, we assume M S = 2 TeV and M = 2.5 TeV for the masses of S and of the VLQs, respectively. We calculate the Wilson coefficients in the effective Lagrangians (1) and (13) at the high scale µ = M and evolve them down to a characteristic scale for the process of interest. This evolution is governed by renormalization-group (RG) equations derived in [1] . As long as the characteristic scale is of the order of the weak scale, it is appropriate to include all SM particles in the anomalous dimensions and β-functions of the EFT. A consistent approximation is obtained by including the leading terms in the matching coefficients at the high scale and using two-loop approximations for the cusp anomalous dimension and β-functions as well as oneloop approximations for all other anomalous dimensions in the evolution to low energies (see below).
A. S → 2 jets decay
At lowest order in perturbation theory the process S → 2 jets proceeds primarily via the decay S → gg, whose rate is enhanced by a factor M 2 S /v 2 relative to the S →decay rate. Also, in many models the latter rate is suppressed by the light quark masses. We thus obtain Γ(S → 2 jets) ≈ Γ(S → gg) with
Here µ j is the characteristic scale inherent in the definition of the jets, such as an upper bound on the jet invariant mass. At the high matching scale µ h = M the relevant Wilson coefficients have been given in (17) . The two coefficients obey the same RG equation
(33) Note the important fact that for Sudakov problems the anomalous dimensions themselves contain a (so-called "cusp") logarithm, and that they have non-zero imaginary parts. At leading logarithmic order, we need γ 
and
Solving the RG equation, we find
where [33, 34] 
with r = α s (µ)/α s (M ) and
(36) An analogous relation holds for C GG . If we assume that the characteristic jet scale is µ j = 100 GeV, then
The decay rate in (32) is suppressed by the factor |U GG (µ j , M )| 2 ≈ 0.147. Not including these resummation effects would vastly overestimate the decay rate.
B. S → tt decay
The largest two-body decay rate into quark-antiquark final states is likely to be that into top quarks. At leading order in perturbation theory the corresponding decay rate is given by
(38) At the high matching scale µ h = M the coefficient C Q LūR has been given in (16) . The related coefficient C Q LūR (with a straight letter "C") is obtained by transforming this expression to the quark mass basis. Including only QCD effects, it obeys the RG equation
(40) Evolving the coefficient down to the scale of the topquark mass, we find
The decay rate in (38) is suppressed by the factor |U(m t , M )| 2 ≈ 0.81. In this case, resummation effects have a more modest impact on the decay rate.
C. S → γγ decay
It is instructive to also consider an example where only electroweak Sudakov logarithms contribute. The diphoton decay mode has a very similar structure as the S → gg mode discussed above. At leading order in perturbation theory the decay rate is given by
(42) Here α ≈ 1/137.036 is the fine-structure constant. The Wilson coefficients need to be evolved down to the scale of electroweak symmetry breaking, which we identify with the mass of the W boson. Below the weak scale the running stops. At the high matching scale µ h = M the relevant coefficients have been given in (17) . The coefficients C W W and C W W obey the same RG equation
(43) The relevant cusp anomalous dimension is
whereas γ W vanishes at one-loop order. Here α 2 = g 2 /(4π) is the coupling constant of SU (2) L . The Wilson coefficients C BB and C BB , on the other hand, are scale independent at leading logarithmic order. It follows that
and similarly for the other two coefficients in (42), where U BB (m W , M ) ≈ 1, while U W W (µ, M ) is given by an expression similar to (35), but with different numerical coefficients and with α s (µ) replaced by the coupling α 2 (µ). Numerically, we obtain
The impact of these resummation effects on the diphoton decay rate depends on the values of κ 1 /M and Tr(X) in (17) . In the limit where the term proportional to κ 1 can be neglected, the decay rate is suppressed by the factor |0.9 U W W (m W , M ) + 0.1| 2 ≈ 0.67. The resummation of electroweak Sudakov logarithms thus has a sizable impact on the rate.
D. S → hh decay
As a final example we consider the decay mode S → hh, whose rate is given by
The Wilson coefficient satisfies the RG equation
and γ
cusp has been given in (44). Here α 1 is the coupling constant of U (1) Y (not rescaled by a factor 5/3). Since there are now three different couplings involved, it is easiest to integrate the RG equation (48) numerically, using the one-loop β-functions for the various couplings. Writing the solution in the form
It follows that the di-Higgs decay rate is suppressed by the factor |U φφ (m h , M )| 2 ≈ 0.62, which is once again a significant correction.
VII. CONCLUSIONS
When a new heavy resonance beyond the SM is discovered, it will be important to have an effective fieldtheory description of its decay and production modes, in which the new-physics scale M is disentangled from the electroweak scale. This effective theory should be able to deal with the situation that the new state is a member of a larger sector of new physics. In this paper we have illustrated the recently developed SCET BSM approach [1] to solve this problem in the context of an extension of the SM by a heavy scalar singlet S and a set of vector-like heavy quarks. We have performed the matching calculation for the Wilson coefficients in the effective Lagrangian both at tree level and including the leading one-loop corrections. These coefficients are in general non-trivial functions of the mass ratio ξ = M 2 S /M 2 , where M S is the mass of the scalar resonance while M sets the masses of the vector-like quarks. In this way, our effective theory resums an infinite tower of local operators in the conventional effective field-theory approach to describe the interactions of S with SM fields. For the special case of the decay S → Zh, the Wilson coefficient of the relevant operator contains logarithms of the form ln(M 2 S /µ 2 ) and ln(M 2 /µ 2 ) with coefficients that depend in a non-polynomial way on the ratio ξ. We have explained the origin of this effect and demonstrated how the scale dependence is cancelled in the effective theory.
The SCET BSM framework allows one to resum large Sudakov logarithms affecting the decay rates of S into SM particles. We have explicitly performed the resummation at leading logarithmic order for the decays S → 2 jets, S → tt, S → γγ and S → hh, finding that in all cases the decay rates are significantly reduced. It is important to take these resummation effects into account when placing bounds on the masses and couplings of hypothetical new heavy particles. Possible avenues worthy to pursue in the future include extensions of our work to resonances of non-zero spin as well as particles that are not singlets under the SM gauge group. In this way, the SCET BSM approach can be applied to collider searches for heavy particles proposed in many extensions of the SM. Here we report our result for the one-loop coefficient δ κ1 in (21) . It receives contributions from the vertexcorrection diagrams shown in the first line of Figure 6 as well as from hard matching corrections to the wavefunction renormalization constants of the scalar fields. We find 
where L M = ln(M 2 /µ 2 ) and L S = ln(M 2 S /µ 2 ) − iπ, and the function g(ξ) has been given in (19) .
